Introduction
The antiferroelectric smectic phase was observed for the first time by Górecka, Chandani, and Fukuda in MHPOBC [1] . Since the discovery of antiferroelectricity in liquid crystals, a great number of different structures showing the smectic SmC* A phase have been prepared [2] . Antiferroelectric liquid crystals are very attractive materials for applications in displays because AFLC (antiferroelectric liquid crystals) displays have very good features such as grey scale and wide viewing angle. In some mixtures, an antiferroelectric phase was observed, although components of these mixtures do not possess the antiferroelectric phase. The induced chiral anticlinic phase (antiferroelectric phase SmC* A ) appears in the bicomponent mixtures of synclinic compounds when the first component has an alkyl terminal chain and the second one has a perfluoroalkyl terminal chain [3] [4] [5] . The induction of antiferroelectric smectic phase is a way to broaden the potential number of compounds useful for mixtures preparation because there is the bigger amount of compounds with synclinic phase than with anticlinic one. The properties of induced phase can be also easily changed in wider range, for example, helical pitch can have small or high values depending on the concentration of mixed compounds [5] .
Recently, the induced antiferroelectric phase has been observed in the systems wherein the fluoroalkyl terminal chain component was replaced by one with a cyano terminal group [6] . The mixture of two synclinic compounds 1 and 2, in which the induction of antiferroelectric phase is observed, was tested by DSC (differential scanning calorimetry), electrooptic, and X-ray methods.
Experimental
Phase transitions were investigated by a polarizing optical microscope (BIOLAR-PZO) connected with LINKAM -THMS-600 heating stage and by DSC method (SETARAM 141 DSC instrument). Spontaneous polarization has been measured by means of the Diamant bridge method and pulse technique. The smectic layer thicknesses as a function of temperature have been obtained by small-angle X-ray scattering (SAXS) experiments. Tilt angles have been studied by means of optical switching angle measurements.
The basic compound giving the induction of antiferroelectric phase has the following structure
Results and discussion
The phase diagram of the system 1-2 obtained by thermomicroscopic method and DSC results for the chosen compositions are presented in Figs. 1(a) and 1(b), respectively. The antiferroelectric phase can be observed under polarizing microscope in the concentration range from 0.3 to 0.9 mole ratio of compound 1, but DSC measurements show that it exists also for concentration 0.2 mole ratio of compound 1. We observed that the phase transition SmC * -SmC* A for the higher concentration than 0.5 mole ratio of compound 1 looked completely different under microscope than for the lower concentration. In the first case, the phase transition SmC * -SmC* A appears, and this transition is well seen, but in the latter case, the phase transition SmC * gSmC* A appears, and it is difficult to notice under polarizing microscope. DSC measurements confirmed all phase transitions, also the existence of two different subphases of SmC* phase. SmC * g phase disappears above 0.5 mole ratio of compound 1 and SmC * phase disappears below 0.5 mole ratio of compound 1. For concentration 0.5 mole ratio of compound 1, phase transition SmC * -SmC * g is visible on DSC curve and for concentration 0.7 mole ratio of compound 1 we observed phase transition SmC * -SmC* A .
The area of induced SmC* A phase is not symmetrical according to 0.5 mole ratio. It suggests that some intermolecular interaction occurs and depends on concentration.
Compound 1 with terminal cyano group belongs to the group of compounds having virtual antiferroelectric properties [9] . They can be revealed, when the compound is placed in the environment of molecules with smaller polarity. Other compounds from this group have perfluoroalkyl terminal chain (C 6 F 13 (CH 2 ) 2 O-), which causes stronger induction. Perfluorinated part of chain (C 6 F 13 -), responsible for acceptor properties is long, CN-group is smaller but causes stronger donor-acceptor interaction.
Spontaneous polarization in antiferroelectric phase changes nonlinearly with the concentration of both synclinic compounds, Fig. 2(a) . The highest value of spontaneous polarization is for pure compound 1 (higher than 100 nC/cm 2 ). Spontaneous polarization decreases with the addition of compound 2, the biggest reduction of the value is for the first 10%. The lowest value of spontaneous polarization (nearly 80 nC/cm 2 ) is for 0.5 mole ratio of compound 1. The change of spontaneous polarization versus concentration is different than for the system comprising a compound with fluorinated terminal chain. In this case, the compound C 6 F 13 (CH 2 ) 2 OPhPhCOOPhCOOC*H(CH 3 ) C 6 H 13 with Ps about 170 nC/cm 2 is mixed with compound C 2 H 5 COO(CH 2 ) 6 OPhCOOPhPhCOOC*H(CH 3 )C 6 H 13 with Ps about 120 nC/cm 2 , and their mixture of the concentration 0.5 mole ratio has Ps much higher (about 250 nC/cm 2 ), Fig. 2(b) [10] . It suggests that the mechanisms of phase induction are different in both cases.
The lowest smectic layer thickness is for pure cyano compound 1 (nearly 3.0 nm), Fig. 3(a) . The smectic layer thicknesses linearly increase with the concentration of compound 2, Fig. 3(b) . The tilt angle calculated based on the X-ray results has maximum value for all mixtures nearly 25 degrees (Fig. 4) .
The tilt angle studied by means of optical switching angle measurements is higher about 10 deg than tilt angle calculated based on the X-ray results, Fig. 5 . This effect occurs due to the fact that two used methods for tilt measurements are sensible for different structure elements [11] . The electrooptical method detects the mean orientation of the molecular core which defines the optical properties while the X-ray method detects the spatial period of molecular arrangement. The tilt angle from optical measurements increases with the increase in concentration of compound 1. The maximum value of tilt angle is lower than 35 degrees from optical measurements, thus SmC* A phase is low tilted antiferroelectric phase.
Conclusions
The physical properties of antiferroelectric smectic phase induced in the system comprising cyano terminated compound was measured by DSC, electrooptics and X-ray methods for the first time. DSC measurements confirmed that phase transitions SmC* A -SmC*, SmC*-SmA, and SmA-Iso are of the first order. The induced SmC* A phase is low tilted antiferroelectric phase. The smectic layer spacing changes proportionally to the concentration of mixed compounds. However, the spontaneous polarization and tilt angle from optical measurements do not change linearly, the minimum values are for 0.5 mole ratio of compounds. compound. It suggests that the mechanisms of phase induction are different in both cases. Perfluorinated part of chain responsible for acceptor properties is long, CN-group is smaller but causes stronger donor-acceptor interaction. Further measurements should be done to confirm it, for example, dielectric spectroscopy.
